Abstract The hitherto unknown low-temperature heat capacity of nickel chromite (NiCr 2 O 4 ) was measured between 8 and 381 K using adiabatic calorimetry, and some thermochemical functions [C P (T), S(T), S°2 98 , H (T) )H (0) ] were derived from the results. The standard entropy (S°2 98 ¼ 140.0 ± 0.3 J mol )1 K )1 ) for nickel chromite was calculated from the results. Our calorimetric measurements indicate three major anomalies in the heatcapacity curve at temperatures between 8 and 381 K. A short literature review indicates that two of these anomalies can be accounted for, whereas an anomaly peaking at 29 K has not been reported previously.
Introduction
Chromium spinels are common mineral phases in the Earth's mantle and crust (e.g. Ringwood 1975) . Furthermore, chromium spinels have also found frequent application in materials science. For example, nickel chromite (NiCr 2 O 4 ) spinels are commonly used as catalytic materials (e.g. Jebarathinam et al. 1994; Vivekanandan G. and Krishnasamy 1995; Sloczynski et al. 1999; Dubey et al. 2001) , gas sensors (Honeybourne and Rasheed 1996) and occur as high-temperature oxidation products of Ni-containing alloys (e.g. Strawbridge 1993). Thermodynamic properties of chromium spinels have therefore been investigated by numerous studies in both Earth sciences (e.g. Irving 1965 (e.g. Irving , 1967 Sack and Ghiorso 1991) and in materials science (e.g. Mu¨lller and Kleppa 1973; Park and Kim 1999) . Although some progress has been made to understand complex chromian spinel solid solutions (e.g. Oka et al. 1984; Sack and Ghiorso 1991; Park and Kim 1999; Klemme and O'Neill 1997) , there is still a lack of fundamental thermodynamic data for many spinels of end-member composition (cf. Klemme et al. 2000; Klemme and van Miltenburg 2003; Ehrenberg et al. 2002) , which should be well known before attempting to understand complex solid solutions. This is the case for NiCr 2 O 4 . Nickel chromite (NiCr 2 O 4 ) is a normal spinel with Ni 2+ occupying the slightly distorted A sites and Cr 3+ solely occuping the B sites (Romeijn 1953) . Two magnetic and structural transitions in NiCr 2 O 4 were reported from the literature. The cubictetragonal phase transition at around 300 K has been well studied and is commonly interpreted as caused by a JahnTeller distortion of magnetic ions (Lotgering 1956; Kino et al. 1972; Armbruster et al. 1983; Crottaz et al. 1997; Ueno et al. 1999) . A further magnetic transition has been observed at somewhat lower temperatures between 60 and 80 K (McGuire et al. 1952; Lotgering 1956; Prince 1961; Tsushima 1962; Go¨ring et al. 1978; Armbruster et al. 1983) . There is only little known about the structure of NiCr 2 O 4 at even lower temperatures (Prince 1961 (purity 99.99%) were mixed in appropriate proportions in an agate mortar under acetone. The mixture was then pressed into pellets (1 cm diameter) and sintered in a conventional vertical furnace at atmospheric pressure and 1200°C for 24 h in air. The pellets were subsequently quenched in air. The samples were then reground, repressed and reannealed under identical conditions. X-ray diffraction indicated NiCr 2 O 4 only; no impurities or unreacted oxides were detected. Lattice parameters of our synthetic nickel chromite were found to be a ¼ 5.8340(11) Å , c ¼ 8.4232(9) Å , which compares reasonably well with previous results (Armbruster et al. 1983; Crottaz et al. 1997; Ueno et al. 1999) . The pellets weighed 8.35 g.
Low-temperature calorimetry
The calorimeter used, laboratory designation CAL V, has been described before (van Miltenburg et al. 1987 ). More recent improvements in design and data handling were described recently (van Miltenburg et al. 1998) . Temperature was measured with a calibrated 27 ohm Rh/Fe thermometer (calibration by Oxford Instruments with an accuracy of about 0.001 K), using an automated AC bridge (Tinsley). The thermometer scale applied was the ITS-90 scale (Preston-Thomas 1990). The sample was broken into several grains of about 2 mm. A helium pressure of 1000 Pa was established to the sample chamber to promote heat exchange. Measurements were made in the intermittent mode. Several measurements were made, starting with a series from 296 to 381 K. As no influence of the thermal history on the data could be detected, all series were combined in one file, except one which was made with temperature increments of about 0.7 K to investigate the fine structure around 310 K. Stabilization periods of about 500 s were used in between the heating periods. Below 30 K, the periods were in the order of 150 s. Below 30 K, the reproducibility of the calorimeter is about 
